SEC. 1078 

LOW POWER FLIP- FLOP CIRCUIT 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 [0005] The present invention relates to a flip-flop circuit and, more particularly, 
to a flip-flop circuit with lower power consumption. 
[0010] A claim of priority under 35 U.S.C. 119 is made to Korean Patent 
Application No. 2002-64666 filed on October 22, 2002, the entire contents of 
which are hereby incorporated by reference. 

10 

2. Description of the Related Art 

[0015] A conventional flip-flop circuit, as shown in Fig. 1 , is generally 
configured to include a clock buffer 110, a master latch gate 120, a master latch 
130, a slave latch gate 140, and a slave latch 1 50. When an internal clock 

15 signal CK is a low level, the master latch gate 120 turns on to transfer an input 
signal D to the master latch 1 30 and the slave latch gate 140 turns off. To the 
contrary, when the internal clock signal CK shifts from a low level to a high level, 
the master latch gate 120 turns off and the input signal D is not transferred to 
the master latch 130. When the clock signal CK is high level, the slave latch 

20 gate 140 turns on and thereby the input signal D, which has been stored in the 
master latch 130 when the internal clock signal CK is a low level, is transferred 
to the slave latch 150 that provides an output signal Q through an inverter INV2 
therefrom. 

[0020] In the flip-flop described above, there is no power consumption due to 
25 switching during null signal states in the master latch 130 and the slave latch 
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1 50 when the input signal does not vary (i.e., the input signal is equal to the 
output signal). However, even when the input signal does not vary, the clock 
buffer which receives the external clock signal and generates the internal clock 
signal from the external clock signal operates. Accordingly, power consumption 
5 due to switching in the clock buffer occurs. 
[0025] Recently, various efforts have been made to reduce power consumption 
due to switching operations in a clock buffer. Fig. 2 illustrates a conventional 
flip-flop circuit that reduces the power consumption in the clock buffer. The flip- 
flop circuit of Fig. 2 has a comparing circuit 220 for comparing the input signal D 
10 with the output signal Q, a pulse generating circuit 240 for generating an 

internal clock signal with a small pulse width in synchronization with the external 
clock signal, and a control circuit 230 for controlling the output signal PGO of 
the pulse generating circuit 240 using the comparison result from the comparing 
circuit 220. When the input signal D does not vary, the power consumption of 
15 the flip-flop circuit can be reduced by blocking the path from the pulse 
generating circuit 240 through the control circuit 230 to the clock buffer 210. 
However, the flip-flop circuit shown in Fig. 2 includes pulse generating circuit 
240, in addition to the circuit part for generating the output signal by 
synchronizing the input signal with the clock signal. This pulse generating circuit 
20 240 has high power consumption. 

[0030] Fig. 3 illustrates another conventional type of flip-flop circuit capable of 
reducing power consumption at the clock buffer, which is disclosed in U. S. 
Patent No. 6,204,707. The flip-flop circuit illustrated in Fig. 3 is provided with a 
comparing circuit 330, an internal clock generating circuit 340, and a latch 320. 
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The flip-flop circuit generates an internal clock signal with a small pulse width in 
synchronization with the external clock signal CLK, only when the input signal D 
does not vary. As the flip-flop circuit shown in Fig. 3 does not employ any 
additional pulse generating circuit, the power consumption thereof is lower than 
5 that of the flip-flop circuit shown in Fig. 2. The internal clock generating circuit 
340 compares the compared result of the input signal D and the output signal Q, 
with the external clock signal CLK, to generate an internal clock signal. 
[0035] However, the internal clock generating circuit 340 is not wholly 
controlled by way of the comparative difference between the input signal D and 
10 the output signal Q. That is, the voltage level of the output terminal of an AND 
gate 344 is dependent on the external clock signal CLK, and hence, power 
consumption is caused by operation of the AND gate 344. Furthermore, the 
start of the internal clock signal (the rising edge of its waveform) at the flip-flop 
circuit shown in Fig. 3 is synchronized with the external clock signal, and the 
15 termination of the internal clock signal (the falling edge of its waveform) is 
synchronized with the output of the comparing circuit 330. Therefore, with the 
flip-flop circuit shown in Fig. 3, the pulse width of the internal clock signal is 
variable in accordance with the operation state of the comparing circuit 330. 

20 SUMMARY OF THE INVENTION 

[0040] Therefore, an object of the present invention is to provide a flip-flop 
circuit having reduced power consumption. 

[0045] To achieve this and other objects/the flip-flop circuit of an embodiment 
of the invention is provided such that when a variation does not appear at an 
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input signal, an output buffer and an internal clock generating circuit are made 
not active, thereby reducing power consumption. 

[0050] According to one aspect of the present invention, the flip-flop circuit 
includes a latch that receives and holds an input signal under the control of an 

5 internal clock signal, a comparing circuit that compares the input signal with the 
output signal of the latch to provide a compared result, and an internal clock 
generating circuit that receives an external clock signal and generates an 
internal clock signal under the control of the output signal of the comparing 
circuit. The internal clock generating circuit controls an entrance path and 

10 passing of the external clock signal using the output signal of the comparing 
circuit, delays the external clock signal for a predetermined time and inverts the 
delayed external clock signal. The internal clock generating circuit generates 
an internal clock signal with a pulse width smaller than the pulse width of the 
external clock signal by means of a NAND operation performed on the external 

15 clock signal and the inverted delayed external clock signal. The internal clock 
signal is established with rising and falling edges all synchronized with the 
external clock signal. 

[0055] The internal clock generating circuit includes an inverter that inverts the 
output signal of the comparing circuit from a first node and transmits the 
20 inverted signal to a second node, and a transmission gate with a first input 
terminal connected to the first node and a second input terminal connected to 
the second node that receives the external clock signal and transmits the 
received signal to a third node. The internal clock generating circuit further 
includes a PMOS transistor having a source terminal connected to a supply 
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voltage, a gate terminal connected to the second node, and a drain terminal 
connected to the third node. A delay circuit receives a signal from the third 
node, and delays the external clock signal for the predetermined time and 
inverts the delayed external clock signal. A NAND circuit receives the delayed 
5 inverted external clock signal, and performs the NAND operation on the external 
clock signal and the delayed inverted external clock signal. 
[0060] In an aspect of the embodiment, the delay circuit is formed of odd- 
numbered inverters. Also, in the internal clock generating circuit, the PMOS 
transistor maintains the third node at a high level when the transmission gate 
10 turns off. 



RRIFF DESCRIPTION OF THE DRAWINGS 
[0065] The above and other objects and features of the present invention will 
become more apparent from the following description of the preferred 
is embodiments thereof made with reference to the accompanying drawings in 
which: 

[0070] Fig. 1 is a circuit diagram of a conventional flip-flop circuit; 
[0075] Fig. 2 is a circuit diagram of a conventional flip-flop circuit having 
reduced power consumption at the clock buffer therein; 
20 [0080] Fig. 3 is a circuit diagram of another conventional flip-flop circuit having 
reduced power consumption at the clock buffer therein; 

[0085] Fig. 4 is a circuit diagram of a flip-flop circuit according to an 
embodiment of the present invention, with lower power consumption at the 
clock buffer therein; 



5 



SEC.1078 



[0090] Fig. 5 is a timing diagram illustrating the operation of the circuit shown 
in Fig. 4; and 

[0095] Fig. 6 is a graphic diagram showing the characteristics of power 
consumption in the conventional flip-flop circuits as compared with the flip-flop 
5 circuit of the present invention. 

DETAILED DESCRIPTION OF THE PREFER RED EMBODIMENT 
[0100] A low power flip-flop circuit according to an embodiment of the present 
invention is illustrated in Fig. 4. The flip-flop circuit includes a first inverter 
10 INV33 for inverting the input signal D and outputting the inverted signal to a first 
node N1 , and a latch gate 450 for receiving the signal from the first node N1 
and transmitting the received signal to a second node N2 under the control of 
the internal clock signal CK and the inverted internal clock signal CKN. A latch 
420 latches the signal at the second node N2 under the control of the internal 
is clock signal CK and the inverted internal clock signal CKN. A second inverter 
INV34 receives and inverts the signal at the second node N2 to generate the 
output signal Q. A comparing circuit 430 compares the signal at the first node 
N1 with the output signal of the latch 420, and outputs a comparison result to a 
sixth node N6. An internal clock generating circuit 440 receives the external 
20 clock signal CLK, and generates an inverted internal clock signal CKN under 
the control of the signal at the sixth node N6. A clock buffer 410 receives the 
inverted internal clock signal CKN, and generates an internal clock signal CK. 
[0105] The latch gate 450 is formed as including a transmission gate TG20, 
and the clock buffer 410 is formed as including an inverter INV32. 
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[0110] The latch 420 includes a third inverter INV35 for inverting the signal at 
the second node N2 and outputting the inverted signal to a third node N3, a 
fourth inverter INV36 for inverting the signal at the third node N3 and outputting 
the inverted signal to a fourth node N4, and a first transmission gate TG21 for 
5 receiving the signal at the fourth node N4 and outputting the received signal to 
the second node N2 under the control of the internal clock signal CK and the 
inverted internal clock signal CKN. 

[0115] The comparing circuit 430 includes a fifth inverter INV37 for inverting 
the signal at the first node N1 and outputting the inverted signal to a fifth node 

10 N5; a third transmission gate TG23, having a first input terminal receiving the 
signal at the first node N1 and a second input terminal receiving the signal at 
the fifth node N5, that receives the signal at the third node N3 and transmits the 
received signal to a sixth node N6; and a second transmission gate TG22, 
having a first input terminal receiving the signal at the fifth node N5 and a 

15 second input terminal receiving the signal at the first node N1 , that receives the 
signal at the fourth node N4 and transmits the received signal to the sixth node 
N6. 

[0120] The internal clock generating circuit 440 includes a sixth inverter INV38 
for inverting the signal at the sixth node N6 and transmitting the inverted signal 
20 to a seventh node N7; a fourth transmission gate TG24, having a first input 
terminal connected to the sixth node N6 and a second input terminal connected 
to the seventh node N7, that receives the external clock signal CLK and 
transmits the received signal to an eighth node N8; a PMOS (P-type Metal 
Oxide Semiconductor) transistor MP1 having a source terminal connected to 
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the supply voltage VDD, a gate terminal connected to the seventh node N7 and 
a drain terminal connected to the eighth node N8; a delay circuit 444 for 
delaying the signal at the eighth node N8 by a predetermined time and inverting 
the signal to output the delayed and inverted external clock signal CLKB; and a 
5 NAND circuit 442 for receiving the external clock signal CLK and the delayed 
and inverted external clock signal CLKB, and performing a NAND operation on 
the signals. The delay circuit 444 includes an odd number of inverters INV39 
tolNV41. 

[0125] The operation of the low power flip-flop circuit according to an 
io embodiment of the present invention will be now explained with reference to Fig. 
4 and the timing diagram as illustrated in Fig. 5. 

[0130] When the internal clock signal CK is at a high level, the latch gate 450 
turns on, and the signal at the first node N1 which corresponds to the input 
signal D as inverted, is transmitted to the latch 420. When the input signal D is 

15 at a high level, the signals at the first and the second nodes N1 and N2 become 
low level, and the output signal Q of the flip-flop becomes a high level. At this 
time, the signal at the third node N3 goes to a high level which is the same as 
the output signal Q of the flip-flop, and the signal at the fourth node N4 goes to 
a low level. As the internal clock signal CK is at a high level, the first 

20 transmission gate TG21 turns off. The PMOS transistor MP1 sets the eighth 
node N8 to be at a high level when the fourth transmission gate TG24 turns off. 
[0135] If the input signal D remains at a high level without variation, the third 
transmission gate TG23 turns on and the second transmission gate TG22 turns 
off. As the third node N3 maintains a high level, the third transmission gate 
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TG23 outputs a high-level signal to the sixth node N6. As a signal from the 
seventh node N7 becomes a low level, the fourth transmission gate TG24 turns 
off and the PMOS transistor MP1 turns on. Then, a voltage level of the eighth 
node N8 goes to a high level. The delayed external clock signal CLKB, which 

5 is output from the delay circuit 444, becomes a low level. If a variation is not 
made to the input signal D of the flip-flop, the level of the sixth node N6, which 
is the output signal of the comparing circuit 430, constantly is maintained at a 
high level and the output of the NAND gate 442 maintains a high level. At this 
time, the inverted internal clock signal CKN becomes a high level, and the 

10 internal clock signal CK becomes a low level. As a result, when there is no 
variation of the input signal D of the flip-flop, the clock buffer 410 does not carry 
out a switching operation and the semiconductor elements in the internal clock 
generating circuit 440 are shut off. Therefore, when there is no variation of the 
input signal D to the flip-flop, the power consumption due to the switching 

15 operation generated at the clock buffer 410 and the internal clock generating 
circuit 440 is greatly reduced. 

[0140] When the input signal D shifts from a state of high level to a state of low 
level, output signal Q goes to a low level, the second transmission gate TG22 of 
the comparing circuit 430 turns on, and the third transmission gate TG23 turns 
20 off. As the signal at the third node N3 of the latch 420 still maintains a high 
level and the signal at the fourth node N4 is at a low level, the second 
transmission gate TG22 transfers the low-level signal to the sixth node N6. As 
the signal of the seventh node N7 goes to a high level, the fourth transmission 
gate TG24 turns on and the PMOS transistor MP1 turns off. Accordingly, the 
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external clock signal CLK, and the external clock signal CLKB delayed and 
inverted by the delay circuit 444, are applied to the NAND gate 442. At this 
time, the output signal of the internal clock generating circuit 440 is configured 
to be a pulse signal with a pulse width smaller than that of the external clock 

5 signal CLK. When the external clock signal CLK shifts from a low level to a 
high level, the rising edge of the output signal of the NAND gate 442 is provided. 
When the external clock signal CLKB delayed by the delay circuit 444 shifts 
from a high level to a low level, the falling edge of the output signal of the NAND 
gate 442 is formed. The output signal of the NAND gate 442 acts as the 

10 inverted internal clock signal CKN, and the output of the clock buffer 410 formed 
with the inverter INV32 acts as the internal clock signal CK. Fig. 5 is a timing 
diagram illustrating the process of generating the internal clock signal. 
[0145] As described above, the rising and the falling edges of the internal clock 
signal CK in the inventive low power flip-flop circuit are all synchronized with the 

15 external clock signal CLK. 

[0150] Table 1 comparatively summarizes the power consumption rates in 8-bit 
counters constructed with the flip-flop circuits shown in Figs. 1 to 4. In Table 1, 
the marked values are each measured at bit positions of the 8-bit counters 
under the condition of 100MHz-frequency operation and 3.3V-supply voltage, 

20 and indicate power consumption in terms of uW for transition ratios of the input 
signal to the clock signal of 1 . 1 /1 28. 
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Table 1 





The circuit of 
Fig. 1 


The circuit of 
Fig. 2 


The circuit of 
Fig. 3 


The circuit of 
Fig. 4 
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158 


269 


233 


214 


1/2 


111 


156 


128 


107 


1/4 


88 


100 


81 


55 


1/8 


76 


71 


57 


28 


1/16 


70 


56 


44 


14 


1/32 


68 


49 


39 


8 


1/64 


66 


46 


35 


4 


1/128 


65 


44 


34 


2 



[01 55] Fig. 6 graphically represents the measured values of Table 1 . As may 
5 be appreciated in view of Table 1 and Fig. 6, the power consumption related to 
the inventive low power flip-flop circuit is significantly reduced when the 
variation of the input signal is small, compared to the conventional flip-flop 
circuits. It can also be appreciated in view of Fig. 6 that the flip-flop circuit of 
Fig. 4 enables appreciable reduction of power consumption when the transition 
10 ratio of the input signal with respect to the clock signal is 0.53 or less. 

[0160] The low-power flip-flop circuit in accordance with the present invention 
is operable at a lower rate of power consumption because the clock buffer and 
the internal clock generating circuit do not perform switching operations when 
is there is no or a little variation in the input signal of the flip-flop. 
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[0165] Although preferred embodiments of the present invention have been 
described in detail, it should be clearly understood that any variations and/or 
modifications of the basic inventive concepts as described that would be evident 
to those skilled in the art will still fall within the spirit and scope of the present 
5 invention, as defined in the appended claims. 
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